Obesity is a global problem and numbers are rising at a fast pace in developing countries and it becomes a major public health concern. Economic costs associated with obesity are high and increasing as the rate of obesity. Obesity leads to its co-morbidities; namely diabetes, hypertension, cardiovascular diseases, osteoarthritis, stroke and inflammatory diseases. Changes in life-style along with modifications to the diet are important in the management of obesity. Certain dietary components and foods have the ability to induce thermogenesis and modify the trafficking of nutrients in the body. Positive effects in managing obesity by natural components, and selected foods have drawn attention due to the potential side effects of obesity drugs. The food industry has developed low-density foods to reduce energy intake. Now focus has been geared towards the development of foods that possess more than one mechanism to alter the progression of obesity. In this review, selected foods and their components with potential anti-obesity properties are discussed.
Introduction
Obesity is a condition, which results from the lack of energy balance in the body or by positive energy balance. Despite various programs implemented to reduce obesity rate, it continues to be the major public health concern. In United States, one third of the adult population is obese and 17% of children suffer from obesity [1] . Over the past decade, obesity in infants and preschool children has been reduced from 13.8% to 8.1%. However, the rate of obesity remains constant in other age groups. Developing countries suffer from both over-nutrition and under-nutrition. The increase in number of over-weight individuals has tripled in last 30 years among the developing countries and reached more than 900 million by 2008. Whereas, rise in the rate of overweight in developed countries was 1.7 times during the same period [2] . The alarming rate of increase in overweight or obesity in developing countries and steady growth in developed countries needs attention.
Carbohydrate Based Food
γ-oryzanol is a mixture of ferulic acid esters and present in bran of brown rice. The effect of brown rice and γ-oryzanol on preference of dietary fat in mice was studied by Kozuka et al. (2012) . The study revealed that mice fed with either brown rice or γ-oryzanol, preferred a control diet with normal fat over high fat diet. The preference for low dietary fat might been through the reduction of hypothalamic endoplasmic reticulum (ER) stress [18] .
Dietary fiber plays a role in prevention of risks of chronic diseases via various mechanisms. The glycemic index (GI) of carbohydrates and content of fiber in foods affects the weight gain. Animal studies have shown that consuming diets with high GI starches lead to weight gain, high visceral adiposity and lipogenesis compared to diets based on low GI starches [19] [20] . Fermentation of soluble fiber produces short chain fatty acids by the action of intestinal bacteria. Butyric acid is one of short chain fatty acids and is metabolically important among others in modulating obesity. Butyric acid supplementation reduced body fat by 10% in mice along with an increase in fat oxidation, hepatic energy expenditure, and PPARγ mediated PPARα expression [21] . Butyric acid also modulated substrate trafficking in hepatic tissue by increasing fat oxidation and glycogen storage [22] .
Macronutrient composition of the diet is important in inducing satiety and reducing appetite. A moderate increase in protein content along with a reduced high GI foods and moderate fat prevented regain of weight in obese patients [23] .
Protein Based Foods and Components
Legumes rich in protein also contain phenolic compounds such as flavonoids, isoflavones, phenolic acids and lignans. They play a critical role in metabolism [24] . Evidence has shown that diets rich in protein induces satiety, suppresses appetite and food intake [25] . Protein in general induces high satiety and thermeogenic effects compared to its macronutrient counterparts carbohydrates and fats because of high demand of energy associated with catabolism, and protein synthesis [26] .
Supplementation of legumes at 4 servings/week with a hypocaloric diet to obese individuals for 8 weeks in an intervention study reduced body weight, cholesterol level, oxidized low density lipoprotein (LDL) levels and improved plasma antioxidant levels [27] . Incorporating legumes in weight loss programs have offered satiety and improved the effects of calorie restriction on lean body mass and basal metabolic rate [28] .
Plant protein bromelain inhibited adipocyte differentiation in 3T3L1 adipocyte cells by inducing apoptosis and lipolysis and by decreasing adipogenic gene expression. Adipogenesis was reduced via downregulating C/EBPα and PPARγ independent of C/EBPβ gene expression. Bromelein reduced adiponectin expression and secretion [29] .
Peas, lentils and Faba beans are rich in glutamine, and they increased energy expenditure by 49% in human subjects [30] . Supplementing chickpeas with a high fat diet in rats promoted energy expenditure with similar energy input [31] . Effect of black soy peptides in reducing body weight and fat were tested in humans for 12 week period. After 12 weeks, there was a significant reduction in body fat, weight gain and leptin levels [32] .
In a study, the effect of soy protein isolate added to a calorie restricted diet was evaluated for weight gain, fat content, adiponectin levels and gene expression of fatty acid and glucose metabolism in mice. Body weight gain, and fat content were significantly reduced in soy protein isolate fed mice compared to the casein fed mice. However, the level and expression of adiponectin were not affected by feeding soy protein isolate [33] . In a randomized control trial, a low-calorie soy based meal (240 g/day) was replaced for 12 weeks in humans. After 12 weeks, individuals who received soy meal lost more weight and gained less fat mass, total cholesterol and LDL compared to the control group individuals [34] . The suggested mechanisms involved in the role of soy protein against obesity include reduction in intestinal cholesterol absorption, fecal bile expression, reduced triglyceride concentration, regulating gene expession of lipogenic enzymes and fatty acid oxidation, increased peroxisome proliferator activated receptors (PPARs), modulation of sterol regulating element binding protein (SREBPs) [35] - [40] .
Fats and Related Compounds
Type of fat is more important than the amount in managing certain chronic diseases. Conjugated linoleic acids are isomers of linoleic acid and found mainly in milk, meat and their products of ruminants. Supplementing diet with CLA has reduced body fat accumulation and increased protein content in rats [41] . Short term consumption of a spread made with CLAs, induced the expression of lipid metabolizing genes and reduced inflammatory gene expression compared to other fatty acids [42] . Protective mechanisms of CLAs against obesity are increased energy expenditure, decreased energy intake, reduced lipogenesis and enhanced lipolysis, and reduced adipocyte proliferation and differentiation [43] - [46] . The primary mechanism of CLA in fat reduction is through the modulation of transcription factor PPARγ, thereby inhibiting the downstream metabolic pathways involved in lipogenesis and adipocyte differentiation [47] [48] . Stearoyl-CoA desaturase-1 (SCD-1), a key enzyme in the regulation of lipid oxidation and hepatic lipogenesis, is one of the targets of obesity management. Administration of isomers of CLAs resulted in either reduced SCD-1 or inhibited the activity in a variety of cells [49] .
Weight loss programs emphasize on the consumption of fatty fish to reduce lipid content [50] . Energy restricted diets consists of three servings of fatty fish per week increased leptin levels in obese humans [51] . Consumption of a hypocaloric diet with salmon also improved plasma lipid profile [52] . Administration of polyphenol rich oils to obese men in a randomized cross over study resulted in inhibition of postprandial inflammation [53] .
Consumption of soybean, coconut and lard for 60 days reduced serum adiponectin levels as well as gene expresion in mice [54] . Incubating 3T3L1 cells with DHA, EPA, palmitic, and linoleic acids also resulted in a reduced gene expression of adiponectin.
Diacylglycerols (DAG) increases thermogenesis compared to triacylglycerols and therefore have been suggested for weight management. With the consumption of DAG for 14 days, enzymes involved in fatty acid oxidation were increased and synthesis were reduced in rats [55] . After hydrolysis into two fatty acids and a glycerol moiety, DAGs may not be reformed back and enter into circulation as such and be oxidized by liver [56] . Diet of normal weight men was supplemented with 10 g/d of either DAG or TAG for 16 weeks to determine the effect of diets on weight loss. Men consumed fats as a part of breakfast in form of bread and mayonnaise. After the study period, a significant weight loss was observed in the individuals with the DAG diet [57] .
Fruits and Vegetables
High consumption of fruits and vegetables has been associated with maintenance of health as they offer protection against various chronic diseases. Varied bioactive components at different levels may be responsible for the offered health protection. In an 8-week nutritional intervention study, obese men and women who received enriched fruits with an energy-restricted regimen resulted in low oxidized LDL and improved antioxidant capacity [58] . Black rasberries contain high anthocyanin levels. Purified black rasberries, but not whole black raspberries, reduced body weight gain, fasting serum glucose, leptin, insulin levels and homeostasis assessment of insulin resistance (HOMA-IR) in mice fed high fat diet [59] .
Administration of apple reduced body weight gain, fat deposits and glucose in Wistar rats. These antiobesity properties are due to modulation of genes responsible for lipolysis, adipogenesis and fat oxidation [60] . Apples, with relative high fiber content, lowered plasma lipid content and triacylglycerides in liver, as well as improved oxidative status by producing larger intestinal pool and greater fecal excretion of bile acids in obese rats [61] . Dietary apples also reduced the retroperitoneal and epididymal adipose tissue weights [62] .
Bilberries and sea buckthorn (whole, phenolic extract, oil) administered for 30 -35 days, decreased waist circumference, weight, vascular cell adhesion molecule and intercellular adhesion molecule of overweight and obese women [63] . Bilberry anthocyanidin-enriched extracts inhibited adipocyte differentiation in 3T3L1 cells by inhibiting the adipocyte transcription factors peroxisome proliferator-activated receptor (PPAR) and Sterol regulatory element-binding protein 1c (SREBP1c) and tyrosine residues of IRS1 phosphorylation [64] .
Hushbush blueberry powder at 2% reduced body fat, liver weight, body weight, triglycerides, fasting insulin, abdominal fat mass, but increased adipose and skeletal muscle PPAR activity and affected PPAR transcripts involved in fat and glucose metabolism in obese rats [65] . Blueberry polyphenols suppressed adipocyte differentiation, adipogenesis and cell proliferation [66] .
Methanol mango peel extracts inhibited the accumulation of lipid droplets in 3T3L1 cells at a concentration of 50 -100 μg/ml. Mango pulp extracts did not show any effect in inhibiting lipid content [67] . Administration of mulberry polyphenol water extracts for 12 weeks reduced obesity in hamsters via reducing hepatic fatty acid synthase, 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, and dyslipidemia [68] . Concentrated oral plum juice reduced lipid content, increased insulin sensitivity, plasma adiponectin and adipose tissue PPARγ mRNA expression in insulin-resistant obese Wistar fatty rats [69] . Pomegranates are tropical fruits rich in phytochemicals such as ellagitannins, anthocyanins, phenolic acids, and a variety of volatile compounds. Pomegranates exhibited anti-obesity properties in in-vivo and in-vitro studies exhibiting hypoglycaemic activity, increase insulin sensitivity, inhibit α-glucosidase enzyme activity, reduce total cholesterol, improve blood lipid profiles, and retard inflammation by modulating PPAR pathways [70] .
Bitter gourd is widely available vegetable in Asia and has been attributed to offer protection against diabetes. Bitter gourd was fed at 0.5% and 5% levels to C57BL/6 mice for exploring the effects of bitter gourd on mitochondrial function during the development of obesity associated fatty liver. Feeding of bitter gourd for 16 weeks, resulted in reduced body and tissue weight gain, less hyperglycemia and hyperlipidemia, triglycerides, cholesterol, higher superoxide dismutase activity, lower protein oxidation, modulated mitochondria expression, and less activation of sterol regulatory element binding protein/fatty acid synthase (SREBP-1/FAS) pathway in mice fed with bitter gourd at 5% compared with the mice fed with a high fat diet. Inflammatory markers, serum interleukin-6 and serum C-reactive protein concentration was lower in mice fed with 5% bitter gourd fed group. Bitter melon modulated fatty acid and glucose transport into adipose and skeletal tissues by regulating adiponectin, AMPK release, insulin secretion, and uncoupling protein elevation [71] .
Kochujang, fermented soybean-based red pepper paste, administration to humans at 32 g/day for 12 weeks reduced visceral body fat, but not body weight and waist to hip ratio [72] . On the contrary, Kochujang reduced differentiation of 3T3L1 adipocytes by inhibiting transcription factors SREBP-1c and PPAR-γ, and stimulated lipolysis by upregulating hormone sensitive lipase [73] .
Piper sarmentosum, edible medicinal plant, administered at 125 mg/kg/day for 12 weeks reduces visceral fat and inhibits 11β-hydroxysteroid dehydrogenase type 1 that regulates cortisol metabolism in adipose tissue, to hinder visceral obesity and metabolic disorders [74] .
Administration of green tomato extract to mice fed with a high fat diet reduced obesity by activating AMPK and acetyl-CoA carboxylase phosphorylation in the liver. Green tomato decreased epididymal adipose tissue, liver weights, liver cholesterol and serum cholesterol levels. Green tomato extract also decreased the liver HMG-CoA reductase expression, PPARγ (PPAR gamma), CCAAT/enhancer-binding protein alpha and perilipin in the adipose tissue [75] .
Onion peel tea (OPT), high in polyphenols, exhibited anti-obesity properties in high fat diet induced obese (BALB/c) mice. Mice were fed with onion peel tea for 28 days after induction of obesity by feeding a high fat diet for 3 weeks. OPT suppressed increase in body weight and level of epididymal fat tissue, reduced serum concentrations of total cholesterol, glucose and leptin [76] .
Beverages
Tea (Camellia sinensis) is a widely consumed beverage around world. Green tea is unfermented and is rich of polyphenolic compounds. Oolong tea is partially oxidized and possess considerable amounts of polyphenols. Black tea is fermented and contains mostly thoeflavins and polyphenols. Black Tea polyphenols are reported to inhibit pancreatic lipase and thereby effect lipid metabolism [77] .
Caffeine present in tea was shown to have thermogenic effects and stimulate fat oxidation. Caffeine and polyphenols in tea act additively to effect fat oxidation [78] . A significant increase in 24 h energy expenditure was reported after consumption of thermogenic beverage (250 ml) three times/day for 3 days contains 94 mg EGCG and 100 mg caffeine [79] . Caffeine consumed at 100 mg per serving increased basal metabolic rate by 3% -4% and energy expenditure in a 2 hr period by 16% in both in lean and obese individuals [80] . In studies conducted with green tea (576 -592.2 mg catechins), an increase in fat oxidation, reduction in body fat ratio and waist circumference [81] [82] were observed. Mechanisms proposed for the action of green tea in increasing energy expenditure are inhibiting catechol O-methytransferase (COMT) enzyme which degrades norepinephrine, inhibiting enzyme phosphodiesterase which degrades intracellular cAMP, antagonizes the inhibitory effects of adenosine on lipolysis, increased expression of uncoupling proteins, and activation of PPARs [83] - [86] .
Supplementation of cocoa powder at 8% to high fat fed C57BL/6J mice reduced body weight gain, increased fecal fat content, improved insulin sensitivity, inflammation and down-regulated the pro-inflammatory gene expression [87] . Yang et al. [88] also reported that feeding 2% -4% cocoa extract to C57BL/6 mice reduced weight gain, fat pad mass, liver weight, lipid content and triglycreride content. Coffee polyphenols (mono-or di-caffeoyl quinic acids (CQA)) inhibited lipogenesis by downregulating sterol regulatory element-binding protein (SREBP-1c), acetyl-CoA carboxylase-1 and -2, stearoyl-CoA desaturase-1 and pyruvate dehydrogenase ki-nase-4 in the liver and also reduced infiltration of macrophages into the fat tissues [89] . Murase et al. [90] investigated the effect of coffee polyphenols (CPP) in modulating postprandial macronutrient (carbohydrate, lipid) metabolism and whole-body substrate oxidation in C57BL/6J mice with a lipid-carbohydrate (sucrose or starch)-mixed emulsion. CPP suppressed postprandial plasma glucose, insulin, glucose-dependent insulinotropic polypeptide (GIP), and triacyl glyceride (TAG) levels.
A novel antioxidant beverage was prepared from the coffee silverskin of Arabic (Coffea Arabica) and Robusta (Coffea canephora) varieties and tested for their antiobesity potential employing the Caenorhabditis elegans model. All tested concentrations of both extracts (25, 50 and 100 μg/ml) increased body fat reducing phenotypes. The highest effective dose was 100 μg/ml of Arabic extract, which accounts for 10 mg/ml of coffee silverskin. The dose of active compounds present in extracts, caffeine and chlorogenic acid, are relative to physiological dose and may offer protection against obesity [91] .
Anthocyanin rich juices Blueberry Juice (BBJ) and Mulberry Juice (MBJ) were tested for their effect in offering protection against obesity in high fat fed C57BL/6 mice. Juices reduced body weight (7% -10%), epididymal fat and size of fat cells. Serum glucose and cholesterol level were lowered by BBJ, but not by MBJ. Juices altered lipid metabolism by suppressing fatty acid synthesis related genes (PPARγ and FAS) and inducing the expression of β-oxidation-related gene (CPT 1) [92] .
Noni Juice is rich in phenolic acids: gentisic, and chlorogenic acids. Feeding noni juice at 3, 6, 9 mg/kg body wt for six weeks to hamsters decreased liver and visceral fat accumulation, and serum lipids. Juice administration increased the fecal lipid/bile content. Juices also increased the liver antioxidant capacities and lowered inflammatory protein (TNF-a, IL-1b, iNOS, and COX-2, MMP9) expression [93] .
Calcium and Dairy Products
Low intake of dairy products and calcium is inversely related to adiposity [94] . Dietary calcium plays an important role in regulation of energy metabolism and obesity risk [95] . Dairy products are the main source of dietary calcium and different mechanisms have been proposed for explaining the role of calcium. Chronic increase in dietary calcium reduces intracellular calcium in adipocytes, thereby reduces expression of fatty acid synthase, enzyme required for lid synthesis. The potential hypolipidemic mechanisms of calcium may occur at GI tract via inhibition of fat absorption, increased fecal fat excretion, inhibition of bile acid absorption, a calcium-induced increase in the conversion of cholesterol to bile acids [96] .
Conclusion
Development of obesity is through the effect of various complex pathways. There is a need to target many processes rather than single process or target. Although the available research supports evidence for the potential to develop functional foods, the real challenge for the food industry is to develop products that are effective by having multiple mechanisms. The other challenge to develop functional foods for obesity is the lack of potential biomarkers to test the compounds. Studies should focus on determining the optimum level of intake, efficacy and safety of products for long-term consumption.
